H ysterectomy is the most common major surgery performed among nonpregnant women, with 600,000 performed annually in the United States. 1 The majority are performed for benign uterine conditions, allowing the option of ovarian retention. 2 Between 1965 and 1999, the percentage of benign hysterectomies performed with a concomitant oophorectomy increased from 25% to 55%. 3 Ovarian cancer is the most common cause of cancer death attributable to gynecologic malignancies, with an estimated 21,880 new cases and 13,850 deaths in the United States in 2009. 4 One in 70 women (1.4%) will have ovarian cancer develop in her lifetime and the majority of cases are diagnosed as advanced cancer. It has been estimated that between 4% and 14% of women with ovarian cancer diagnosed will have undergone previous hysterectomy. 5 Approximately 1,000 cases of ovarian cancer could be prevented annually if concomitant prophylactic oophorectomy was performed with benign hysterectomy for all women older than age 40 years. 6 A recent study showed a decreased incidence of ovarian cancer with performance of bilateral salpingo-oopherectomy in women undergoing benign hysterectomy without a family history of ovarian cancer from 0.33% to 0.02%. 7 If performed before menopause, then prophylactic oophorectomy causes the loss of ovarian function, leading to menopausal symptoms. The effect of oophorectomy on cardiovascular and bone health is the subject of much debate. Some studies have suggested a deleterious effect of bilateral See related article on page 1271.
salpingo-oopherectomy and early menopause on cardiovascular and bone health, 8 -10 whereas others have found no correlation between menopausal status and these outcomes. 7, 11 Thus, despite its potential benefit in decreasing epithelial ovarian cancer, routine prophylactic oophorectomy at the time of hysterectomy in premenopausal women has remained controversial.
Prophylactic oophorectomy at the time of hysterectomy is a complex decision requiring that the patient and physician consider multiple factors. In 1999, the American College of Obstetricians and Gynecologists stated, "prophylactic oophorectomy should be based not only on the patient's age but also on other factors that weigh individual risk for developing ovarian cancer against the loss of ovarian function." 12 In 2008, they changed their recommendation to, "strong consideration should be given to retaining normal ovaries in premenopausal women who are not at increased genetic risk of ovarian cancer." 13 Our objective was to evaluate patient characteristics associated with oophorectomy at the time of benign hysterectomy and to estimate trends in the performance of oophorectomy from 2001 to 2006.
MATERIALS AND METHODS
The study protocol was submitted to the researchers' institutional review board and was granted exempt status. Hysterectomies were identified using the New York State Department of Health Statewide Planning and Research Cooperative System. This is a comprehensive data reporting system, established in 1979, that collects patient and treatment information for every hospital discharge and emergency department admission. New York State mandates reporting by every hospital. This database has been used extensively in research. A PubMed search for "Statewide Planning and Research Cooperative System" yielded more than 35 articles that used this database.
Demographic data for each entry in the database are available, including age, gender, race or ethnicity, type of insurance (private, Medicare, Medicaid, selfpay, or uninsured), postal code of residence, reason for admission by diagnosis-related group codes, primary and secondary (up to 24) diagnoses, primary and secondary (up to 20) Cases were identified in the years 2001 to 2006, utilizing ICD-9-CM procedure codes 68.3-68.5 (hysterectomy). Each admission that resulted in hysterectomy was included in the study. The cases were further analyzed for presence of bilateral oophorectomy or bilateral salpingo-oophorectomy, including removal of the remaining ovary, utilizing ICD-9-CM procedure codes 65.5 and 65.6, respectively. Hysterectomies performed for gynecologic malignancies (ICD-9-CM diagnosis codes 179 -185) and obstetric indications (ICD-9-CM diagnosis codes 640 -679) were excluded.
Statistical analyses were performed using Pearson 2 and Student t test. A logistic regression model to assess the associations between demographic and clinical factors with undergoing bilateral salpingooopherectomy at the time of hysterectomy was created. All of these were included in the multivariable model. An interaction between age at the time of hysterectomy and insurance type was noted during the analysis and was confirmed by formal tests of interaction. To account for this interaction, the multivariable model is presented stratified by age. We hypothesized that a significant decrease in the performance of bilateral salpingo-oopherectomy would be found throughout the course of the study. P for trend was calculated using Cuzick nonparametric test for trend across ordered groups.
14 All statistical analyses were performed using STATA 9 software.
RESULTS
From 2001 to 2006, a total of 144,877 hysterectomies were performed for benign gynecologic conditions. Of these, 67,610 (46.7%) had a concomitant oophorectomy. Table 1 shows the demographic information for patients in this study. The women undergoing hysterectomy averaged 48.1 years of age. The majority of women undergoing hysterectomy were white (64.1%), had private insurance (80.3%), had a preoperative diagnosis of fibroids (65.7%), and underwent abdominal hysterectomy (70.1%). Figure 1 demonstrates the rate of oophorectomy over the course of the study. From 2001 through 2006, there was an absolute decrease of 7.7% in the performance of oophorectomy (P for trend Ͻ.001). A significant decrease in oophorectomy rates at the time of hysterectomy was noted for all modes of hysterectomy (P for trend Ͻ.001, .01, and Ͻ.001 for abdominal, vaginal, and laparoscopic hysterectomies, respectively). After stratification by age, the trend of decreased performance of oophorectomy remained only in women younger than age 55 years (P for trend Ͻ.001).
Women who underwent abdominal and laparoscopic hysterectomies were more likely to undergo oophorectomy at the time of hysterectomy (53.9% and 50.4%, respectively) as compared with those undergoing vaginal hysterectomy (17.0%, PϽ.001). Overall, older women were more likely to undergo oophorectomy. The average age of women undergoing oophorectomy was 5 years older than those who retained their ovaries (50.7Ϯ9.8 years compared with 45.8Ϯ10.8 years, respectively, PϽ.001).
Health insurance was associated with performance of oophorectomy (Table 2 ). An interaction was noted between age at oophorectomy (younger than 55 compared with 55 years or older) and health insurance type (PϽ.001 for test of interaction). Oo- phorectomy was most commonly performed in women younger than age 55 years who had Medicare (PϽ.001), whereas in women 55 years of age or older, oophorectomy was most commonly performed in those who self-paid or had federal (non-Medicare) insurance (PϽ.001).
A logistic regression model was created to analyze the effects of multiple predictors of oophorectomy found on univariable analysis (Table 3) . Women with a family history of breast or ovarian cancer, a personal history of breast cancer, presence of ovarian cysts, or age 55 years or older were associated with the greatest odds of concomitant oophorectomy. Women undergoing vaginal hysterectomy had an 88% relative reduction in their rate of oophorectomy. Figure 2 demonstrates the adjusted odds ratio for having undergone oophorectomy over each year of the study, after stratification by age (younger than 55 compared with 55 years or older) and controlling for the predictors of oophorectomy. Only in women younger than age 55 years was there a decline in the incidence of oophorectomy over the course of the study (P for trend Ͻ.001, compared with P for trendϭ.16 for women 55 years of age or older). In women younger than 55 years, there was a consistent decrease in the rate of oophorectomy throughout the course of the study after 2002, although no significant change in the rate of oophorec- 
DISCUSSION
We found an 8% reduction in the total number of oophorectomies performed over the study period. After controlling for multiple factors associated with oophorectomy, only women aged younger than 55 had a significant reduction in their likelihood of undergoing oophorectomy, with an absolute decrease of 10.4% and a relative reduction of 35%. Lowder et al 15 showed a significant increase in the proportion of oophorectomies performed at the time of benign hysterectomy from 1979 to 2004. Our study found an even larger decrease than that reported by Whiteman et al, 16 who demonstrated a 5.5% absolute decrease in the performance of oophorectomy from 2000 to 2004. This difference may be attributable to lower rates of bilateral salpingo-oopherectomy in the Northeast. 17 As expected, women who underwent a vaginal hysterectomy were significantly less likely to undergo oophorectomy, despite data that oophorectomy can safely be performed in more than 85% of vaginal hysterectomies. 18 -20 Surprisingly, despite good visibility of the peritoneal cavity, women undergoing laparoscopic hysterectomy had a 16% relative reduction in bilateral salpingo-oopherectomy performance.
A previous study by Jacoby et al 17 reported that oophorectomy was more common in white women and those who were uninsured or had Medicaid insurance. Whereas on univariate analysis it appeared that older African American women were the most likely to undergo bilateral salpingo-oopherectomy, on multivariate analysis white women of all ages were most likely to undergo bilateral salpingo-oopherectomy. This apparent contradiction may reflect access to surgeons who performed minimally invasive hysterectomies (34.8% compared with 15.1% for white and African American women, respectively) and a prevalence of fibroids (58.3% compared with 87.2% for white and African American women, respectively). It is unclear why African American women had the lowest rates of bilateral salpingo-oopherectomy, although it may relate to a general mistrust of the medical system leading to lower rates of an elective surgery. 21, 22 In contrast to the study by Jacoby et al, we found that younger women with Medicare and older women who self-paid for insurance were most likely to undergo bilateral salpingo-oopherectomy. Both of these groups include women who may be more willing to undergo bilateral salpingo-oopherectomy secondary to long-term medical problems or an inability to afford future surgeries.
Over the course of the study, women younger than age 55 years had a significant decline in oophorectomy rates. The largest declines occurred between 2002 and 2003 and between 2005 and 2006 (decreases of 2.5% and 3.4%, respectively). In July 2002, the results of the combined estrogen and progestin arm of the Women's Health Initiative were released, concluding that the overall health risks of combined hormone therapy (HT) exceeded the benefits. 23 Since that time, recommendations for the use of HT have changed, 24 resulting in a decrease in its use, 25, 26 with a 40% decrease in HT prescriptions by July 2003. Compared with the first 7 months of 2002, we found a 2.2% absolute decrease in oophorectomy rate in the 5 months after the release of the results of the Women's Health Initiative study (Pϭ.001). After controlling for relevant confounders, a 9.6% relative decrease in oophorectomy performance was seen in 2002 in the months after the release of the Women's Health Initiative study (Pϭ.001). Despite the results of the Women's Health Initiative trial being limited to combined estrogen and progesterone, both combined and estrogen alone HT decreased after the results of these data. 27 The decrease in bilateral salpingooopherectomy observed may be a result of practitioners' unwillingness to prescribe HT, leading to an increase in ovarian retention.
The largest decline in oophorectomy rate occurred between 2005 and 2006. A 15% relative de- crease, compared with the previous year, was noted in women younger than 55 years old. The reason for the decrease in oophorectomy rate is similarly unclear but may be related to accumulating evidence as to the risks of oophorectomy. In 2005, Parker et al 28 published their first article based on a Markov decision analytic model describing morbidity and mortality after oophorectomy demonstrating a benefit from ovarian conservation in women younger than age 65 years. The greatest benefit was seen in women 50 -54 years old and decreased with increasing age. At no age was higher mortality seen in women who chose ovarian conservation. This article may have influenced patients' and physicians' decision-making in favor of ovarian retention, leading to the lower rates of oophorectomy seen in our cohort.
In 2009, a study using the Nurse's Health Study cohort evaluated women 30 -55 years of age who underwent oophorectomy at the time of benign hysterectomy. They demonstrated a decreased risk of breast and ovarian cancer but an increased risk of all-cause mortality, fatal and nonfatal coronary heart disease, and lung cancer. 29 In contrast, a recent article by Jacoby et al 7 concluded that bilateral salpingooopherectomy may not have an adverse effect on cardiovascular health, hip fractures, or overall mortality. The effect that these studies will have on the performance of prophylactic oophorectomy is yet to be determined.
Our study has several important limitations. Our study is based on all hysterectomies performed in the state of New York and may not be generalizable to other populations. Although compliance with the database is mandatory for all acute care hospitals in New York State, the accuracy of the reported data are not validated. Specifically, surgical procedures require accurate coding, both for the primary procedure (in this case, hysterectomy) and for all secondary procedures (including oophorectomy) to be captured for this project. Our rates of family history of breast or ovarian cancer and personal history of breast cancer are significantly lower than would have been expected, likely because of incomplete coding. Complete coding might have allowed us to account for additional cases of oophorectomy secondary to personal or family history.
In summary, this study has demonstrated that there has been a significant decrease in the performance of oophorectomy at the time of benign hysterectomy in women younger than age 55 years. Despite increasing recognition of genetic susceptibility to ovarian and breast cancer and the benefit of prophylactic surgery, 30 -32 we still identified a significantly decreased rate of bilateral salpingo-oopherectomy. Although there is no conclusive evidence linking the publication of the Women's Health Initiative study to this decrease, we postulate that patients and providers have demonstrated an unwillingness to induce surgical menopause without HT. If evidence of the detrimental affects of performing prophylactic oophorectomy at the time of benign hysterectomy increases, then we anticipate that rates of oophorectomy will continue to decline.
